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By E. P. Lesley.
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PROPELLER

Summary

Thisnotedescribestestsof an adjustableblademetalmodel

propeller,bothin a freewindstreamandin combinationwitha -_,:

modelfuselage,at foursettingsof theblades.Themodelpro- -.-

pellerisdesignedfora uniformnominalpitch/diameterratioof ..—-

.7 andthebladesettingsused,correspondto nominalpitch/ .-

diameterratiosof .5, .7, .9,snd1.1 at

Thetestsshowthatpropellersof this

erablychamgedin settingfromthedesigned

giveexcellentperformance.

the.6radius.

type maybe consid-

pitchanglesandyet

The.efficiencyrealizedandpowerabsorbedwhenbladesare —

setat otherthm thedesignedsngle,arelittledifferentthan

wouldbe obtainedfroma propellerwithuniformpitohequalto

themeanpitchof thepropellerunder~est.

Introduction
.

.

.

Theadjustableblademetalpzopellerisusuallydesignedto —

havethebladessetat suchan angleas willprovidea somewhat.
uniformpitchalongtheradius. Ithasbeenshownthat(Refer- ._
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ence1),in a freewindstream,whilesucha propellergivesthe

greatestefficiencytheremaybe considerablevariationinpitoh

as distributedalcngtheradiuswithoutseriousefficiencyloss.

Ithas alsobeenshownthat(Reference1), in combinationwitha

slipstreamobstruction,a propellerwitha radialpitchdistribu–

tionsimilarto theradialdistributionof velocitythroughthe

propellerpl~e, givessuperiorresults.Thepresenttestsgive

somefurthercom”irmationof theaboveconclusions.

Tests

ThemodelpropellerchosenforthesetestswaspropellerA
ofReference1. Thebladeformis showninFigure1. Themodel .—
has a uniformnominslpitch/diameterratioof .7whensetat the .-
anglesshown.Fora nominslpitch/diazeterratio(at.6radius)

of .5,thebladeanglesaredecreased5.6°. Fora pitch/diameter

ratioof .9theyaceincreased5.2°. Fora pitch/diameterratio

of1.1 theyareincreased9.9°..*
TableI shewstheradial.distributionofnominal.pitch- ~Q.

d.imeterratiaforthesettingsemployed.

TABLEI

LO 17 *

9
IL, *
,-

‘ 3$

l?itch-Diar..etcrRatio– PropellerA— —
‘~gleat %,dius– ~ of tipradius
60%

Radius10.8 15

‘ >~~~~
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It is seenfromtheabovethatthe14.8°settingprovides

a propellerof radiallydecreasingpitch,the20.4°setting,a .

propellerofuniformpitch,andtheothersettingspropellers

of radiallyincreasingpitch..
Thetestswereconductedin theGuggenheim

oratoryat StanfordUniversityandin theususl

scribedindetailinReference1.

AeronauticLab-

msnn-er- de–

Theobserveddataandcomputedcoefficientsaregivenin

TablesII to IX. Thecoefficients

%=
hp X 550
P n3 D5

CT = thrust
pn2 D4

md T = efficiency,..

with V/nD as argument,areshownin Figures2 to 9.,’.
.

R e mar k s

Thefreewindstreamtestsofthismodelrevealno stsxt-

lingresults.As maybe seenfromtestsof otherpropellers

(Reference2) thepowerabsorbedandefficiencydeveloped=e

aboutwhatwouldbe expected.

Reference2 givestheresultsof”~ests,in a freewind

streain, of adjustableblademetalmodelpropellerswithfive

uniformnominalpitchratios.Eachpropelleris testedat six

bladeangles,thusprovidingthirtypropellerswitha consider-)
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ablerangeofmeanpitchanda widevarietyofradialpitchdis-

tribution.

modelA of

Tigure

Thesemodelsaresimilsxinplanformandsectionto

thepresenttests.

10 showsthemaximumefficiencypointsforthetests

of Reference2, andforthefreestreamtestsof propellerA. ..-

It maybe seenfromthisfigme that,whilein a freewind

strem, theuniformpitchpropellerof thisformgenerallyat-

tainsthehigherefficiency,thedeparturefrom uniformpitch,

in settingsof modelA used,is insufficientto causean appreci-

abledifferencebetweenrealizedefficiencysndhighesteffi–

ciencytobe expected..

Thethree spotsof Figure10 thataremoretha~n5* below

. a linedram throughthehighermaximaayeforpropellershaving

pitchat thetiptwice.thatat the30~radius,whichis three
.

timesthemaximumradial,variationencounteredinpropellerA..
. Withrespecttopowerit maybe seenthatforpropellers

of givenplanfernandsectionsthepowercoefficient

r+= 550hp “at maximumefficiencydependsmainlyuponthedy-~ ns 1)5

namicpitch. Figure11 shows Op formaximumefficiencyfor

alltestsof Reference2, andthefreestreamtestsof propeller

A plottedagainstdynamicpitchratio,or V/nD forzerothrust.

Whilethereis somelackof an exactcorrelationof Cp at max–

imum efficiencyand v/nD forzerothrust,thegeneralrela-

tionis evident.Further,since,neart’hepeakof theefficien-

4 cy curve,efficiencychangeshardlyat allad the power coeffi-

*
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cientconsiderablywitha smallchangeiw V/nD, psrticulaqy

withpropellersof largepitchratio,the spotsof Figure11 .-
canbe broughtintoa linearrelationwithno departurefrom —
theobservationsbeyondtheprobableexperimental.error.

The”modelfuselsgeusedirithesetestswasthesameas that

of Reference1 - a VZ-7withstubwings. It appeaxsfromthe .
testsofpropellerL in combinationwiththemodelfuselage

thatforthe14.8°settingthereis a decreaseinpeakefficien–

cy of 2.5$0fromthatof thefreestreamtest. Forthe20.4°

settingthedecreaseis 5$,forthe2.5.5°settingit is zero,*
andforthe30.3°settingthereappesxsto he a slightgain.

If theefficienciesarecompexedatthepowercoefficientof

maximumefficiencyforthefreestresntests,however,itwill

be seenthatat allsettingsthepropellerislessefficientin.

thepresenceof themodelfuselage,andthatthereis thesmall-
.

estloss– aboutl% - withthe25.5°and30.3°settings.

A surveyat thepropellerplanein frontof themodelfuse–

lageshowsvelocityvaryingfromzeroat thehubto freestream

velocityat thebladetip(Reference1). A sinallerlossin

peakefficiencyforthe25.5°and30.3°settingsseemstherefore

notunreasonablesincethepitchdistributionforthesesettings

is of thesamenatureas thevelocitydistribution.On’theother.

hand,thesmall10SSinpeakefficiencyforthe14.8°setting

seemscontraryto thenaturalexpectation.
●

b

It shotildbe”notedthat;withthewindspeedsemployedin
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thesetests,tieabsolutevaluesof thrustaidtorqueatmaximum

efficiencyare~m~l, p~ticti~ly withthehighpitchsettings~

andthatthereforea smallabsoluteerrorin observationof

thrustcr torqueis relativelylarge. Theprobableerrorsin

thrufitandtorqueobservationsarebelievedtobe about*.02lb.

and*.01lb.ft.,respectively,correspondingto about*~zof

theobservedvaluesformaxiznumefficiencyat the30.3°setting. —

Individualtietberminationsof efficiencyne~ themaximummay

be,therefore,+1% in error.

.-

.
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TABLE11 w
PropellerA - FyeeWindStream- 10.81r,Raciiusat 14.8°

*PV2
4.91
4.95
5.15
5.22
5.25
5:36
5.30
5.38
5.53
5.’74
5.97
3.15
1.42
0.19

w

Pr
. & f3v2

4.91
4.95
5.15
5.22
5.25
5.36
5.30
5.38
5.53
5.74
5.97
3.15
1.42
0,19

~
p v

! ft./see.
I

.00232 I

.00232 I %::

.00232

.00232

.00231

.00231

.00231

.00231

.00231

.00231

.00231

.00231

.00231

.00231

i 67;7
I 68.3

I 69.2
~ 70:5

72.0
I 52.3
I 35.0
~ 12.9

n
r.p.s.
3-4.5
35.7
37.2
39.0
40.3
42.2
45.1
47.7
50.8
56.7
62.5
56.7
52.i
47.7

0.~6
2.03
3.05
4.57
6.61
9.15
12.22
15.25
22.37
30.50
30.50
30● 50
30.50

,

,

TABLE11 (Cont.)

CT= thrust
Pn2D4

o
.0032
. oo7y
.0107
.o15i
.0194
,0241
.0288
.0315
.0373
.04i9
.0508
.0601
,071?

peller A - FreeWindStream– 10.81’Radius

V/nD

.628
●611
.594
.57’4
.558
.532
.501
.477
● 453
.415 ‘
.384
.307
.224
.091

%e=powez
Pn3D5+

.0079
● 0094
.0108
● 0122
.0141 .
.0155
.ol~~:i:j”
.@l~f3::.?
.0195““
.0210_u7:2
.0223 ++.~
.0237 ~<:-
.0247 .. r
.0242 41.3

torque
.Ib.-ft.
0,84
l.oy
1.35
1.67
2.05
2.53
3.13
3.81
4*51
6.01
7.75
6.79
5.98
4.91

oat 14.8

t
n

s efficiency
o
.207
● 426

—
.501
,595
.664.

~)~ -.700
1.04 .731>47,. .733,4+: .?38
?““L- .?22
:ti .660
Llti .546
J+> .269

.
-,

;“: I.-,— ., f—
, ~-. .. d:Lp

,
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TABLE111

propellerA – FreeWindStream- 10.8‘tRadiusat 20.4°—
., . . 1

i 1

4.76
4.86
5900
5.01
4.94
4.99
5.10
5.14
5.24
5.37
5.54
3.19
1.35
.25

;00226
.00226
.00224
.00223

! .00223
.00223

I .00223
.00223
.0G223
.00223

I 64.8

I
65.5
66,8

I 67.0
I 66.4

66.9
1 67.6
! 67.9
i 68.5
[ 69.4

I .00223 ; 70.4
.00224 I 53.4

I .00224.; 34.8
.00224 ! 15.0

1n
r.p.sa I

7

25.8
27.0
2~.7
29.8
31.2
33.3
35.8
38.5

41.9
46.6
51.8
48.2
44.8
42.7

TABLEIII(Cont.j

n
.76 I 0:74
2.03 1.19
3,04. 1.53
4.56 2.(30 “
6.58 2,63
9.11 3.37
12.15 4.2i
16.20 I 5.32 .-
.22.27 6.86
30.37 8.86
30.37 8.01
30.37 I 6.96
20.37 6.16

1 —

Pro~ellerA – FreeWindStream- 10.8[1Radius. —
—.

&pva

4.76
4.86
5.00
5.01
4.94
4.99
5.10
5.14
5.24
5.37
5.54
3.19
1.35
.25

V/l-m

.837

.809
●775
.749
.717J”
.670
.629
.588
.545
.496.
.453
.369
.258
.117

-— —

CT = thrust
p ~2D4

o
.0057
.0135
.0189
.0259
.0328
.0393
.0453
.0510
.0567
.0626
.0721
.0830
.0917

.0078

. oli7

.0167

.Olgg:“.’:

at 20.4°
.. T :-._.-
efficiency

1..“:!

l..:?
!i. -

.. . .

.-. . ‘-J”
II,.

lob
----.-.

.“.

. ..-

.. -,-.
----

0-
.394
.628
.:03.y~.-..

.801

.812

.810

..793

.769

.742

.6(38

.539

.275

.

}
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TABLEIV

PropellerA – FyeeWindStream- 10.8!!Radiusat2!5.5°

&,pv2

5.29–
5.35
5.43
5.45
5.47
5.54
5.44
5.55
5.69
5.94
6.13
3.21
1.28
0.27

.

P

.00232–

.00231

.00231

.00231

.00231

.00231

.00231

.00231

.0f3231

.00231

.00231

.00231

.03232

.00232

67.6
69.1
68.6
E8.7
68.9
69.3
68.7
69.3
70.2
71;7
72*Q
52.7
33.2
15.3

n
...r.”~s? I

21.5
22.5
23~6
24.8
26.2
28.3
30.4
33.1
36.2
40.5
45.3
42.2
40.6
40.7

TABLEIV (Cent.)

thrust
lb....————.
o
0.76
2.03
3.05
4.58
6.61
9.15
12●20
16.27
22.3?
30.51
30.51
30● 51
30.51

torque
lb.–ft●___ —
‘3.44
0.83
1.35
1.75
2.34

,3*1O
S*97
4*97
6.33
8.22
10.63
9,32
8.74
9.66

Propeller’A - Free’WindStream– 10.81[Radiusat 25.5°

. 5.29
5.35
5.43
5.45
5.47
5.54
5.44
5.55
5.69
5.94
6.13
3.21
1.28
0.27

V/nD

1.049
1.011
,967
.925
.875
.8i7
.753
.699
.647
.590
$6”37
.417
.273
.125

thrustCT= ‘—p~,D4

o
.0081
.o1.95
.0265
.0356
.0441
● 0530
.0596
.0665
.0728
.0?96
.0917
.0!383
.0990

Cp= power
0n31F&

.0107 “

.0185

.0270

.0434 23.9U

.0482 20,75

.05(39 Iq.b$

.~542 ~t.~s

.0561 I?.ti3

.0582 1~.11

.058’j’11.u4

.0590 Jb~s

.0608 1>.W5

~

efficiency

>. .441
.698
.’7’71
. 9i7
.83i
.829
.818
.794
.765
.734
.650
.454
.203

.

.
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Pro

& pTT2

5.,17
5.15
5,23
5.43
5.49
5.63
5.42
5.71
5.74
5.86
6.06
3.33
1.51
0.30

?l?c

@w—.
5.1?
5.15
5.23
5.43
5.49
5.63
5.42
5.71
5~.?4
5.86
6.06
3.33
1.51
0.30

TABLEV

lellerA - FreeWindStreim- 10.8”Radiusat 30.3°-.

P

.00231

.00232

.00232

.00231

ft.~sec.
66.9
66.8
67.2
68.5

.00231 ; 68,9

.00231 ; 69.8

.00232 68.4

.00231 i ’70.3

.00232 70.4

.00232 ! 71.2

.0C232 ; 72.3

.00232 : 53.6

.00233 36.1

.00233 16,1

?2 i thrust
r.p.s. i lb.
17.8 ~ O
18.4 t 0.76
19.8
21.1
22.9
25.0
26.9
29.7
31.1
36.5
41.0
40.7
40●‘2
39.8

2.03
3.05
4.58
6.61
9.15
12.20
14.24
22.37
30.5i
30● 51
30.51
30● 51

torque
lb.-ft.
0.34
0.80
1.45
1.92
2,62
3,50
4.52
5.~2
6.46
9.26
12.07
11,81
11● 50
12.44

TABLEV (Cont.)

IellerA - FreeWindStream– 10.8ifRadiusat 30.3°
I

v/nD i thrust ‘ aower
~../ ‘fl,(-j~=

I ~ ~2D4 CP===F. efficiency”
1.253 0 .Olaotl.$I?..53(-j
1.211 i

I
.0120 .0264?7.?0@ .552

1.131 .0276 .0413wl~y .754
1.082 ~ .0364 .0453:-.;:):.:

I
.816

1.004 I .0466 .0560j-i.t~I‘o>‘,.>.836
.930

~
.0564 .0625 ~b.zc I.*: .838

.847 .0673 .0696J+.5GI.ws.819

.788 .0738 .0724 13,%2I.>.L●803

.753 .0782 .0743!sw% ~.z7 ●792

.651 ~0896 .0778Iz.t51.01.749
587 “ .0965 .079912.52 ~‘i ● 709
:439 .0980 .079612.SL .13 :540
.299 .1003 .0792Iz.b3 .s9 ● 379
.134 .1021 ~, .0873 11.4L 7J ,15?

.

.
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TABLEVI

PropellerA withVE–7Fuselage- 10.8~1Radiusat 14.8° —.
v thrust+,p,Y2 P n torque

ft./sec. r.p.s, lb. lb,-ft.
4.80 .00230 64.5 33.2 –o●01 0.77
4.85 .00230 65.0 34.7 +0.79 1.02
4.87 ●00225 65.1 36.i 2.07 1.35
4.86 ,90229 65.1 37.2 3.08 1.65
4.84 .03229 65.0 38.9 4.57 2.02
4.51 .09229 - 62.7 40.4 6.56 2.44
4.63 .00229 63.6 46.5 12.25 3.75
4.79 .00229 64.7 50.7 16.43 4.73
5.16 .00229 67.2 56.6 22.83 6.17
5.24 .00228 6?.8 62.8 31.00 7.90 —
2.60 .00228 4?.7 56.8 Z9.27 6=76
1.27’ .00228 33.4 54.0 30.36 6.21
o.1~ .00229 12.3 50.6 30.35 5.37.—.

TABLEVI (Cont.)

PropellerA withVE–7Fusela~e– 10.81~Radiusat 14.8°.

+PV2

4.80
4.85
4.87’
4*86
4.84
4.51
4.63
4.7’3
5.16
5.24
2.6o
1.27
0.17

v/nD

.647

.624

.601

.583

.557

.51s

.456

.425

.396
● 360
.28o
.206
.081

thrustCT=— pnZ!DA
~ . power

pn3DS
–.0001 I .00~8
+.0035 ●00’35
.0095 ● 0117
.0120 .0134
.0163 i .0151
.0217 .0169
.0305 .0196J
.0345 .0208
.0385 .0218
.0426 .0227
.0502 .0237
.0563 .0241
.0642 .0238

T
efficiency
-.004
+.231

● 440
~519
.603
.666
.711
.705
.699
.674
.593
.481
.219
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TABLEVII

PropellerA withVE–7Fuselage– 10.8IIRadiusat 20.4°
—

t
-$pv2: P i v I n I thrust

I ft./see. r.p.s, lb.
—.
4.76
4.80
4.85
4.88
4.94
4.48
4.53
4.64
4.82
5.11
5.42
3.12

.00227

.00227
● 00227
.00226
.00226
.00226
.00226
.00226
.00226
.00226
.00226
.00227

I
64.8
65.1

I 65.4
I 65.7
I 66.i

62.9
I 63.3
I 64.1

65.3
67.3i

~ 69.3
52.5

24.4 ‘
25.6
27.4 I
2k. y
30.5
31.8
34.6 .
37.8
4i.7 ~
46.7 !
52.5 1
4s’.4 1

-Q .06
+0.75

2.05
3.09
4.66
6.53
9.11

12.27
16.46
22:66
30. ~8
30.54

1.38 i .00227 35.0 46.9 ; 30.17
0.20 .00227 13.2 44.7 30.37

-— —
-Zarque
lb.–f-t.
0.35?
0.71
1.18
1.59
2.15 J
2.70
3.48
4.41
5.59
7.33
9.54
8.56
7.68
6.30

TABLEVII (Cont.)

ProVellerA withYE-?Fuselage- 10.8IIRadiusat 20.4°

&pv2

4.76
4.80
4.85
4.88
4.94
4.48
4.53
4.64
4.82
5.11
5.42
3.12
1.38
0.20

V/nD

.885

.846

.797

.762

.721

.659

.610

.565

.523

.480
● 440
.354
.249
.099

thrust
CT= I Cp=

power I n
pnaD4 pn3~ ! efficiency—

–.0005
+.0062
.0149
.0205
.0273
.03~2
,0416
.0468
.0517
.0568
.0610
.0683
.0748
.0828

. Ooy 3

.0123

.0130
● 0220
.0263
● 0305
.0332
.0351
.0368
.0385
.0396.
,0401
● 0399
.0394

-.062
.429
.662
● 709
,’747
.761
.764
.753
● 734
.709
.677
.603
.466
.207
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TABLEVIII

PropellerA withVE-7Fusel@e- 10.8”Radiusat 25.5°

&p V2 I
4.95
5*CJ1
4.98
5.02
5.15
4.?2
4.?4
4.84
5.08
5.33
5s59
3.01
1.29
0.13

P

.00228

.00228
,00227
.f)f3227
.00227
.09227
.of)227
.09227
.03227
. 0022?
.03227
,f3Q227
.0%227
, og227

v
ft. jsec.

65.9 ‘“
66.3
66.2
65.4
67,3
64.5
f34.6
65.3
66.9
68.5
70.2
51.5
33. ?
12.9

n
r.p.s.
20.9‘--
21.2
22.5
23.7
25.8
27.5
3G.O
32.’9
36.5
41.2
46.6
44.4
43.3
42.8

thrust
lb●

0.13
0.93
2.19
3.22“
4.85
6.75
9.29
12.42
16.68
22.33
31.30
3G.92
30.38
30.3,7

torque
Ibo-ft.—
0.33
0.77
1.30
1.75
2.44
3.13
4.03
5.f)8
6.47
8.42
10.97
9.96
9.32
9.25

TABLEVIII(Cont.)

PropellerA withVE-7Fuselage- 10.811Radiusat 25.5°

+P v’,.
4.95
5.01
4.99
5.02
5.15
4.72
4.7’4
4.84
5.08
5.33
5.59
3.01
1.29
0.19

v/nD

1;098
1.042

.982

.932

.869

.782

.717

. 66i

.612

.554

.502

.38’7

.259
● 100

thrust
CT=

P n2D4
.001? -
.0112
.0235
.3310
.0395
.0486
.0559
.0623
.0682
.0734
.0785
.13855
.08S0
.0902

flp =
power
P ~3@

● 0095
.0194
.0294
.0352
● 0426
.f3473
.0508
.0533
.0554
.0565
.0576
.0576
.0602
● 0575

T
efficiency

.180

.605

.786
,820
.826
.905
.789
.773
.752
.721
.684
.774
.3?8
.156
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TABLEIX

PronellerA withYE–7l’usel~e- 10.8II~adiu~at 30.3°

4.76
4.80
4.87
4.94
4.99
4.55
4.56
4.77
4.96
5.14
5,53
3.06
1.25
O*22

I .00226

I .00225
.0Q225

I .00225
I .0G225

.00225

.00226
● 0022s
.00226
.00226
.00226
.0022’7

I .00227
.00227

65.0
65.2
65.8
66.2
66.5
63.5
63.5
64.9
66.3
67.4
69.9
51.9
33.2
14.L

n
r=p.s..
16.1
17.3
19.1

20.4
22.5
24.2
25.5
29.6
33.1
37.6
43.9
42.7
42.5
42.2

TABLEIX (Cont.)

PropellerA withVE-7$’usel

I 1 thrust
*P w V/nD ~CT= Pn2D4
4.76
4.80
4.87
4.94
4.99
4.55
4.56
4.7?
4.96
5,14
5,53
3.06
1.25
0.22

1.342
1.256
1.151
1.083
.998
.876
.797
.732
.667
.597
.53i
.406
.262
.111

–e 0011
+. 0137

.0314

.0415
● 0511
.0614
.0709
● 0771
.0826
.0879
.0885
● 0910
.0926
.0930

thrust I torque
lb. I lb.-ft.
-.05 ~ 0,19
+.75 0.6’7
2.09 2.37
3.15 1.9i
4.71 2.66
6.55 ! 3.45
9.14 i 4“= ~
12.36 I 5.67
16.59 ~ ‘7.24
22.80 9.58
31.24 13.38 J
30,40 12.37
30.34
30.42

[ ;::84

;e- 10.8[1Radiusat 30.3°

Cp = power l’1
Pn3Ds , efficiency

.0083 –.172

.0255 +.674

.0434 i .834
i0527 I

I .851
.060~ .834
.0S78 ,793
.0723 .782
.0742 .761
.0755 .730
.0773
.0794 I .679

.592
.07?6 .476
.0797 .304
.086’7 ,119
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